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PROCESS FOR SURFACE DIFFUSING STEEL 
PRODUCTS IN COIL FORM 

REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of applica 
tion Ser. No. 438,161, filed Nov. 1, 1982, for “Process 
and Apparatus for Surface Diffusing Steel Product in 
Coil Form and the Products Made by Such Process and 
Apparatus”, now abandoned. 

BACKGROUND OF THE INVENTION 

US. Pat. Nos. 3,620,816 and 4,168,333 describe meth 
ods for diffusing elements such as chromium and/or 
aluminum into the surface of ferrous-based substrates in 
order to produce an alloyed steel surface. Such methods 
involve placing the substrate in a molten lead bath con 
taining chromium and/or aluminum for an extended 
period of time, from one to eighteen hours. The molten 
lead acts as a transfer agent to transfer the chromium 
and/or aluminum dissolved in the bath to the substrate 
and to diffuse the same into its surfaces. Processing 
times of one hour or more are satisfactory when batch 
processing is employed; in other words, when the parts 
are placed in a bath for the requisite time and then re 
moved. Such long periods of time, however, are not 
satisfactory when it is desired to diffuse chromium and 
/or aluminum into the surfaces of steel sheet or other 
products, in coil form, on a continuous basis. 
The carbon in the steel while important to giving 

steel its strength, adversely affects the corrosion resis 
tance of a chromium diffusion layer formed on the sur 
face of the steel. Low carbon steel having a carbon 
content of between 0.01% and 0.06% by weight is avail 
able. Various decarburization heat treatments can re 
duce the carbon content still further. However, as the 
chromium diffuses into the surface of such low carbon, 
decarburized steel, the remaining carbon tends to mi 
grate to the surface. It is believed that when sufficient 
carbon has diffused into the chromium diffusion alloy 
layer on the steel, precipitation of chromium carbides 
will occur during subsequent cooling from the process 
ing temperature, which can result in chromium deple 
tion in regions adjacent to the carbides. This effect is 
believed to cause the loss in corrosion resistance. There 
fore, it is desirable to form the carbon adjacent the 
surfaces of ‘the ferrous-based material into carbides that 
are more stable than chromium carbides. 

In preparing the bath for performing the diffusing 
process, chromium is added thereto. Usually chromium 
is in particulate form and is contained within a cage that 
is placed in the bath. The cage is normally agitated, 
causing the chromium particles to dissolve in the mol 
ten lead and thereby leave the cage. The chromium is 
either in elemental form or is an alloy such as ferrochro 
mium. Either form is likely to have debris associated 
therewith. The debris does not dissolve in the bath and 
instead travels upwardly in the bath to form a dross on 
its surface. When sheet steel is drawn through such a 
bath, it tends to pick up impurities from the dross, 
Which impurities constitute barriers to diffusion of the 
chromium. Furthermore, these inorganic particles serve 
as nucleation sites for the in-situ growth of dendritic 
structures of alloy crystals that form on the surface. The 
corrosion resistance of the steel at the sites of the for 
eign matter is much less. The contamination can be 
reduced by screening the chromium prior to its being 
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2 
placed in the bath. Additionally, the chromium can be 
cleaned with chemicals such as solvents and acids. 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present 
invention to provide a process, and apparatus for prac 
ticing the process, to continuously diffuse elements such 
as chromium and/or aluminum into the surfaces of steel 
sheet and other products in coil form. 
Another object in connection with the foregoing 

object is to uncoil the coiled steel, pass it through a 
molten alloy bath within minutes or even less than one 
minute, and generate steel product with stainless steel 
surfaces that are highly corrosion resistant. 
Another object is to utilize low-carbon coiled steel, 

uncoil it, decarburize it and ?nally form whatever car 
bon is remaining adjacent the surfaces into carbides 
more stable than chromium carbides, so as to improve 
the corrosion resistance of the steel product. 
Another object in connection with the foregoing 

object is to diffuse titanium into the surfaces of the 
uncoiled steel, ahead of the diffusing chromium. 

It is another object of the present invention to utilize 
coiled steel products, uncoil them, and treat the un 
coiled steel in a molten lead bath in such a way that 
foreign matter in the dross associated with the bath does 
not attach itself to the steel as it enters and exits the 
bath. 
Another object is to provide sheet steel with a thin 

chromium alloy layer diffused into each surface. 
In summary, there is provided a continuous process 

of surface diffusion alloying a continuous length of steel 
product supplied in a coil, comprising uncoiling the 
steel product, preheating the steel product, providing a 
molten-alloy bath having therein lead and chromium 
and titanium, the molten-alloy bath having titanium of a 
concentration in the range of about 67 ppm to about 367 
ppm, lead being the only transfer agent in the bath, 
moving the steel product continuously through the bath 
for diffusing the chromium into the surface of the steel 
product, and cooling the diffused steel product. 
The invention consists of certain novel features, a 

composition of matter and a process and apparatus for 
making such composition of matter, as hereinafter fully 
described, illustrated in the accompanying drawings, 
and particularly pointed out in the appended claims, it 
being understood that various changes in the details 
may be made without departing from the spirit, or sacri 
ticing any of the advantages of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of facilitating an understanding of 
the invention, there is illustrated in the accompanying 
drawings a preferred embodiment thereof, from an in 
spection of which, when considered in connection with 
the following description, the invention, its construc 
tion and operation, and many of its advantages should 
be readily understood and appreciated. 
FIG. 1 is a somewhat schematic, elevational view of 

apparatus for continuously diffusing chromium or other 
element into the surface of sheet steel; 
FIG. 2 is a fragmentary view in vertical section on an 

enlarged scale taken along the line 2-2 of FIG. 1; 
FIG. 3 is a fragmentary view in vertical section taken 

along the line 3—3 of FIG. 2; 
FIG. 4 is a view in horizontal section on an enlarged 

scale taken along the line 4-4 of FIG. 1; 
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FIG. 5 is a view in horizontal section on an enlarged 
scale taken along the line 5-5 of FIG. 1; 
FIG. 6 is a view in horizontal section on an enlarged 

scale taken along the line 6—6 of FIG. 1; and 
FIG. 7 is a view in horizontal section on an enlarged 

scale taken along the line 7—7 of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning to the drawings and more particularly to 
FIG. 1 thereof, there is depicted a processing apparatus 
generally designated by the number 10, which is opera 
tive to continually diffuse chromium into the surfaces of 
sheet steel. The present invention is described in con 
nection with diffusion of chromium to obtain stainless 
steel surfaces on the sheet steel. However, the principles 
of the invention are applicable to other steel products in 
coiled form such as foil (having a thickness of less than 
12 mils), plate and wire. While chromium is the pre 
ferred diffusing element, and will be so described, addi 
tional and/or other diffusing elements can be employed. 
For example, aluminum can be diffused along with or 
instead of chromium. The processing apparatus 10 rep 
resents a model of a line to produce chromized sheet 
steel on a continuous basis. It is a model in that the steel 
to be processed is narrow on the order of about four 
inches. In actual practice, steel two or three feet in 
width or more can be processed. 
The sheet steel 12 is supplied in coil form, wrapped 

around a hub 13 mounted for rotation in known manner. 
A motor (not shown) rotates the hub 13 to unroll the 
sheet steel. The sheet steel 12 passes a follower arm 14 
which operates a switch (not shown) that controls the 
motor. When the motor is on, sheet steel 12 is with 
drawn from the roll to increase the size of the loop as 
shown by the phantom line, until the follower arm 14 
reaches the position indicated in phantom, whereupon 
the motor is turned off. The sheet steel, being drawn by 
a subsequent station by a drive mechanism to be de 
scribed, straightens the loop. In this way, the size of the 
loop is controlled. 
The sheet steel 12 passes a deflector roll 15 to equip 

ment located in a furnace 20 in turn positioned within a 
pit 21 located beneath the ?oor 22. An access platform 
23 is located above the furnace 20. Removably posi 
tioned in the furnace 20 is a cylindrical retort 24 closed 
at the bottom and having a ?ange 25 extending around 
its periphery at the top. The retort 24 contains a prede 
termined quantity of molten lead 26. 
The processing apparatus 10 comprises a drive mech 

anism 30 which includes a hold-down or pressure roll 
33 bearing against a ?anged idler roll 35. The sheet steel 
12 passes between the rolls 33 and 35, and around the 
roll 35, and in between it and a brake roll 38. The sheet 
steel 12 is drawn downwardly through rolls 64 of a 
sealing mechanism 60, through a rectangular inlet tube 
80 into the retort 24. The sheet steel 12 passes into mol 
ten lead 26, around the idler roll mechanism 100, up 
through a rectangular outlet tube 85. The exiting sheet 
steel 12 passes through another pair of rolls 70 in the 
sealing mechanism 60 and then up between a drive roll 
45 and a ?anged idler roll 43. The drive roll 45 is rotated 
by a motor, in a manner to be described, which pulls the 
sheet steel 12 from the coil so as to follow the path just 
described. The sheet steel 12 passes over a de?ection 
roll 16, an output follower arm 17, between tension rolls 
18 and onto a hub 19 to form an output coil. The hub 19 
is also connected to a motor (not shown) which is ener 
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gized by a switch (not shown) controlled by the fol 
lower arm 17. The phantom line position of the follower 
arm 17 indicates its position when the motor is ener 
gized to remove the loop. 
Turning now to FIGS. 3 and 4, further details of the 

drive mechanism 30 will be described. The drive mech 
anism 30 includes a generally horizontally oriented 
frame 31 having at one end an upstanding portion 32. A 
hold-down or pressure roll 33 is journaled into pillow 
blocks 34 which are mounted on the upstanding portion 
32. A flanged idler roll 35 is journaled into pillow 
blocks 36 carried by the frame 31. The roll 33 is biased 
against the roll 35. Adjusting screws 37 positioned in 
operative relationship with the pillow blocks 34 enable 
movement of the roll 33. The sheet steel 12 passes be 
tween the rolls 33 and 35 each of which has a deform 
able rubber surface. The adjustment screws 37 are used 
to control the pressure on the sheet steel 12. The sheet 
steel 12 remains in contact with the roll 35 for 120° or 
so. A brake roll 38 is journaled into pillow blocks 39 
mounted on the frame 31. The brake roll 38 has a de 
formable rubber surface biased against the roll 35. The 
shaft of the roll 38 is connected to a brake 40 which is 
adjustable to control the friction or braking of the roll 
38 as the sheet steel 12 moves therebetween, which in 
turn controls the tension in that part of the sheet steel 12 
between the input and output stages of the drive mecha 
nism 30. 

After passing through the retort 24, the sheet steel 12 
returns to the drive mechanism 30. The drive mecha 
nism 30 further includes an output roll 43 journaled into 
pillow blocks 44 carried by the frame 31. A smaller, 
drive roll 45 is journaled into pillow blocks 46 which 
are mounted on the frame 31. The rolls 43 and 45 have 
deformable rubber coatings and the sheet steel 12 passes 
therebetween. The shaft of the roll 45 is connected to a 
motor 47 by way of a gear box 48. The drive roll 45 
rotates to draw sheet steel 12 from the coiled source 
thereof, through the retort 24. From there the sheet 
steel 12 is drawn onto the hub 19 as previously ex 
plained. 
Turning to FIGS. 2, 3 and 5, the apparatus 10 further 

comprises a cover plate 50 welded to the ?ange 25 of 
the retort 24. The cover plate 50 has a pair of spaced 
apart rectangular openings 51 and a pair of spaced-apart 
round openings 52. Ports 53 in the plate 50 accommo 
date protective atmosphere flow into the interior of the 
retort 24. The cover plate 50 also has a pair of spaced 
apart exhaust-pipe openings 54 for purposes to be de 
scribed. 
The sealing mechanism 60 includes a rectangular 

housing 61 formed of sheet metal and having a rectan 
gular inlet slit 62 and rectangular outlet slit 63. Aligned 
with the inlet slit 62 is a pair of inlet rolls 64 biased 
against each other and respectively journaled into op 
posed pillow blocks 65. Located at the ends of the rolls 
64 are two side sealing plates 66, each having a pair of 
concave upper surfaces that fit into grooves 67 in the 
ends of the rolls 64. End sealing plates 68 have their 
upper ends bearing against the bottoms of the rolls 64. 
The sheet steel 12 passes between the rolls 64 and into 
the retort 24. The plates 66 and 68 in conjunction with 
the roll 64 constitute a mechanical seal to preclude 
leakage of the atmosphere in the tube 80. Similarly, the 
sealing mechanism 60 includes a pair of outlet rolls 70 
aligned with the inlet slit 62. The rolls 70 are biased 
against each other and respectively are journaled into 
opposed pillow blocks (not shown). Located at the ends 
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ofthe rolls 70 are two side sealing plates 71, each having 
a pair of concave upper surfaces that fit into grooves in 
the ends of the rolls 70. End sealing plates 72 have their 
upper ends bearing against the bottoms of the rolls 70. 
The sheet steel 12 passes between the rolls 70 as it exits 
the retort 24. The plates 71 and 72 in conjunction with 
the roll 70 constitute a mechanical seal to preclude 
leakage of the atmosphere in the tube 85. 
The rectangular tube 80 has a ?ared upper end 

welded to the underside of the cover plate 50 and com 
municates with one opening 51 in the plate 50 and is 
aligned with the sealing rolls 64. A pair of inlet pipes 
810 is attached to upper points on the tube 80, a pair of 
inlet pipes 81b is attached to lower points on the tube 80 
just above the level of the lead 26, and a pair of inlet 
pipes 81c is attached to intermediate points. The pipes 
81a, b and 0 enable selected gases to be delivered to the 
interior of the tube 80. Any one or more of such pipes 
may be utilized to deliver the gases to a selected point or 
points in the tube 80. Although not shown, the pipes 
81a-c extend through the cover 50 to enable connection 
to the gas sources. An exhaust pipe 82 is attached to the 
tube 80 and extends through the cover 50, and enables 
gases in the tube 85 to be exhausted into the environ~ 
ment. The rectangular tube 85 has a flared upper end 
welded to the underside of the cover plate 50 and the 
tube 85 communicates with the other opening 51 in the 
plate 50 and is aligned with the sealing rolls 70. A pair 
of inlet pipes 860 is attached to upper points on the tube 
85, a pair of inlet pipes 86b is attached to lower points 
on the tube 85 just above the level of the lead 26, and a 
pair of pipes 860 is attached to intermediate points. The 
pipes 86a, b and 0 enable selected gases to be delivered 
to the interior of the tube 85. Any one or more of such 
pipes may be utilized to deliver the gases to a selected 
point or points in the tube 85. Although now shown, the 
pipes 860-0 extend through the cover 50 to enable con 
nection to the gas sources. An exhaust pipe 87 is at 
tached to the tube 85 and extends through the cover 50, 
and enables gases in the tube 85 to be exhausted into the 
environment. Four cross braces 89 are attached to the 
tubes 80 and 85. 
The sheet steel 12 passes through the tube 80, down 

into the molten lead bath 26 and after it is processed, is 
directed back up through the tube 85 and into the seal 
ing mechanism 60. 
The insulation plug 90 includes top and bottom plates 

91, an annular side wall 92 and insulation material 93. 
The tubes 80 and 85 pass through the insulation plug 90 
and are welded thereto. The insulation plug 90 reduces 
heat loss from the bath 26. 
The idler roll mechanism 100 is depicted in FIGS. 2, 

3 and 7. It includes a pair of straps 101 depending from 
the lowermost cross brace 89. A shaft 102 is journaled 
into the straps 101 and carries a pair of spaced-apart side 
plates 103. Loosely journaled into the side plates 103 at 
spaced-apart points around the periphery thereof is a set 
of twelve rods 104. The sheet steel 12 exits the inlet tube 
80, passes around the idler roll mechanism in contact 
with a number of the rods 104, and up through the 
outlet tube 85. 

Referring to FIGS. 2 and 7, the apparatus 10 further 
comprises a chromium container 110 which includes a 
core 111 to which is secured a pair of spaced upper 
plates 112 attached to an annular side wall 113 by inner 
and outer retaining rings 114, thereby de?ning a com 
partment 115. Lower plates 116 are also attached to the 
core 111 at a lower region thereon. The plates 116 are 
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6 
attached to an annular side wall 117 by means of inner 
and outer retaining rings 114, thereby de?ning a second 
compartment 119. A side wall 120 secured to the lower 
upper plate 112 and the upper lower plate 116 de?nes, 
with a spacer 121, a third compartment 122. Particulate 
chromium, which may be either in elemental form or 
compound form, is contained in one or more of the 
compartments 115, 119 and 122. Actually each of the 
plates 112 and 116 includes a screen of a gauge to pre 
vent the particulate chromium from escaping into the 
lead bath 26, except to the extent it is in solution with 
the molten lead. Preferably each such plate also in 
cludes a sheet of expanded metal or the like to rigidity 
the associated screen. 
The chromium, whether in elemental or compound 

form, is likely to be contaminated. The contamination 
can be reduced to some extent by cleaning the chro 
mium prior to placing it in the chromium container 110. 
Acids and solvents can be useful for this purpose. Also, 
screening the chromium is of some value in removing 
debris. Even with screening and/or cleaning, some 
contamination of the chromium will remain. In solution, 
such contaminants migrate upwardly and create a dross 
floating on the lead. Debris from such dross tends to 
become attached to the sheet steel as it enters the bath 
26. . 

To prevent that from occurring, debris blocking 
structure is provided which, in the embodiment de 
picted is a cylindrical tube 125 extending from the cover 
50 downwardly into the molten lead 26, terminating in 
a downwardly and inwardly directed de?ector 126 
de?ning a discharge area 127. The upper end of the tube 
125 is connected to a cover plate 128 which in turn is 
connected to the main cover plate 50. Slots 129 accom 
modate gas flow between the tube 125 and the retort 24. 
When debris separates from the chromium, it migrates 
upwardly through the vertical region de?ned in the 
tube 125 and ?oats on the molten lead contained 
therein. The contaminants do not float on the surface of 
the balance of the lead which de?nes another vertical 
region. Thus, the contaminants do not come in contact 
with the sheet steel as it enters the lead in the tube 80. 
The chromium container 110 is agitated to hasten the 

dissolution of the chromium in the molten lead. The 
dissolved chromium is pumped downwardly against the 
de?ector 126 and out the discharge area 127 into the 
main body of molten lead. The agitator 130 includes an 
axial bearing 135 attached to the cover plate 128. A 
stand-off tube 136 is attached at its lower end to the 
bearing 135 and has opposed elongated slots 137 in its 
side wall. A shaft 138 is axially movable in the bearing 
135, having its lower end attached to the core 111 and 
partly located within the stand-off tube 136. The upper 
end of the shaft 138 is coupled by way of a connector 
139 to a pneumatically operated cylinder 140. At the 
joint between the shaft 138 and the connector 139 is a 
laterally extending pin that rides in the slots 137 for 
limiting the stroke of the cylinder 140. 

Preferably the cylinder 140 operates more slowly in 
the upstroke than in the downstroke so as forcefully to 
discharge the molten lead having the entrained chro 
mium therein. 
To minimize heat loss from the molten lead, there is 

provided an insulator 145 hanging by means of chains 
146 attached to lugs 147 and to the plate 128. Although 
the insulator 145 is shown above the insulation plug 90, 
it is preferable that the insulator 145 be lowered ‘so that 
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it is at the same height, so that a substantially continuous 
heat shield across the reactor is de?ned. 
A second chromium container 110, a second tube 125, 

a second agitator 130, and a second insulator 145 are 
provided as shown. 

Before the sheet steel is processed in the lead bath 26, 
one or more pretreatment steps are required. It is desir 
able that as many as possible of these pretreatment steps 
be performed in the line represented by the apparatus 
10. Two such steps preferably performed in the line and 
speci?cally within the tube 80 are cleaning and decar 
burizing the sheet steel. A further important step is 
preheating the steel gradually. 

Referring to this last step ?rst, the sheet steel for 
processing is at room temperature while the bath 26 is at 
a temperature of between 1,700’ P. and 2,300’ P. It 
would be deleterious to the steel to plunge it directly 
into the bath 26. The temperature of the interior of the 
tube 80 follows a gradient from the temperature of the 
bath at its lower end to approximately 500’ just below 
the sealing rolls 64. The time during which the sheet 
steel is preheated is controlled by its speed through the 
apparatus 10. A slower speed means that the sheet steel 
will be treated more slowly as, of course, will its treat 
ment in the bath 26. 
The tube 85 being between the molten lead and the 

cover 50 constitutes a cooling zone containing an atmo 
sphere administered through any one or more of the 
pipes 860, b and c. The atmosphere may be the same as 
that in the tube 80, at a temperature of say l,OO0° F. or 
lower, to produce rapid cooling. 

In order to attain the requisite corrosion resistance, 
the carbon in the steel must be “tied up” by a strong 
carbide former like titanium. Accordingly, when the 
substrate does not itself contain titanium, titanium is 
codiffused with the chromium in the lead bath. Then, 
specialized, expensive steel having titanium as part of 
the alloy is not required. The requisite corrosion resis 
tance was achieved using baths containing 140 ppm 
titanium and 280 ppm titanium. The minimum titanium 
level is a function not only of the residual carbon in the 
steel but also the gradient of the carbon across its thick 
ness. Other factors which affect the quantity of titanium 
required are the temperature of the bath and the rate at 
which the steel is cooled after the diffusion process. 
The ?rst step is to decarburize the steel to remove a 

substantial portion of the carbon in the region of its 
surfaces. The decarburization leaves substantially no 
carbon at the surface and a carbon content which in 
creases inwardly. In the zone in which the diffusion of 
chromium is to take place, that is, about 0.2 to 2 mils, a 
completely carbon free zone is desired. The titanium 
diffuses into the surfaces of the sheet steel at a rate equal 
to or exceeding the rate of diffusion of the chromium. 
The titanium converts the carbon into carbides in the 
reaction zone. 

In an operating form of the invention, the line speed 
of the sheet steel was adjustable between one inch per 
minute and 25 inches per minute with a drive torque of 
340 inch pounds. The height of the molten lead bath 26 
was between 20 inches and 24 inches. The balance of 
the retort 24 was devoted to preheating the sheet steel. 
The distance between the bottom of the retort 24 and 
the insulation plug 90 was 62% inches, so that with a 20 
inch lead level, the sheet steel was preheated for 42% 
inches while for a 24 inch level the preheat length was 
38% inches. The center of rotation ofthe idler roll mech 
anism 100 was 10 inches off the floor of the retort 24, 
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8 
and its diameter was 6 inches. Thus, if the level of the 
lead was 20 inches, the sheet steel would be in the bath 
for 38 inches (10" down+ 10" up+6) whereas for a 24 
inch lead level, the sheet steel was in the bath for 46 
inches (l4”+ l4”+6). To be in the bath for two min- ' 
utes, the line speed would be 19 inches per minute, for 
a lead level of 20 inches (38"/2 minutes) and 23 inches 
per minute for a 24 inch level. In order that the sheet 
steel be in the bath for ?ve minutes, the line speed 
would be 7.6 inches per minute (38"/5 minutes) or 9.2 
inches per minute for a 24 inch lead level. 
The sheet steel would be preheated for ?ve minutes if 

the speed was 8.5 inches per minute using a 20 inch lead 
level, or 7.5 inches per minute using a 24 inch lead level. 
It would be preheated for ten minutes if the line speed 
was 4.3 inches per minute using a 20 inch level or 3.8 
inches per minute using a 24 inch lead level. 
A decarburizing atmosphere is preferably delivered 

to the tube 80 at the intermediate points, that is, the 
pipes 810, where the temperature is high. Gases, such as 
hydrogen and chlorine, to remove oxides from the sheet 
steel may be delivered via the pipes 81a. A small water 
vapor content may be used to effect surface and bulk 
decarburization. A protective gas to keep air away may 
be delivered via the pipes 81b, such protective gas may 
be 90% argon and 10% hydrogen. Their function is a 
reducing agent to clean the surface of the sheet steel. 
The gases are continually exhausted by way of the pipe 
in order to control pressure in the tube 80. The seal rolls 
64 are protected from the hot exhaust gases. 
A number of experiments were made in which the 

continuous processing concept embodied in the appara 
tus 10 was simulated. In such simulation, the sheet steel 
was processed by pretreating specimens and then plac 
ing them in a molten lead bath rather than continuously 
moving the sheet steel through the bath. In the follow 
ing examples, “CQ-Z” signi?es commercial quality 
steel, 70 mils in thickness, made by Inland Steel by a hot 
rolled process; “TBB-Z” signi?es top and bottom blown 
sheet steel, 26 mils in thickness, made by Jones & 
Laughlin by a cold rolled process; “TEE-3” signi?es 
top and bottom blown steel, 86 mils in thickness, made 
by Jones & Laughlin also by a hot roll process; and 
“TBB-4” signi?es top and bottom blown sheet steel 33 
mils in thickness made by Jones & Laughlin by a cold 
rolled process. The decarburizing step involved placing 
the sample in an atmosphere of 90% argon by weight 
and 10% hydrogen, with a dew point of +40° F. The 
temperature of the atmosphere was 1,550’ F. An atmo 
sphere with a higher or lower temperature would per 
form satisfactorily in such decarburization step. The 
samples were decarburized for the speci?ed times. Then 
the samples were left for the speci?ed times in a molten 
lead bath containing chromium, having the speci?ed 
temperatures. The specimens made in accordance with 
the following showed no evidence of rusting in 200 
hour salt spray tests: 

Time 
in Bath 

Decarb. Bath Temp 
Substrate Time (min) (min) CF.) 

CQ‘Z 30 5 2000 
CQ-2 20 5 2000 
CQ-Z l0 5 2000 
TBB<3 Z0 5 2000 
TBB~3 20 5 2000 
TEE-3 l0 5 2000 
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-continued 
Time Ti bath Ti Concentration 

in Bath Addition in Lead Bath 
Decarb. Bath Temp (grams) (ppm) 

Substrate Time (min) (min) (°F.) 5 O O 

ran-3 10 5 2000 O-1 67 
TBB-2 10 5 2000 015 167 

TBB-2 5 5 2000 8-13 
TBB-Z 5 5 2000 0'45 300 
TBB-4 i0 5 2000 10 O'SG 333 
TBB-4 10 5 2000 0'55 367 
TBB-4 10 5 2100 0:75 500 
TBB-4 10 5 2100 L0 667 
TBB-4 10 5 2100 
TBB-3 l0 5 2000 
TEE-3 1° 5 2000 15 Surface composition analyses were made on the diffu 

Cyclic oxidation tests were conducted on specimens 
made in accordance with the foregoing process under 
various conditions. These tests were run for 96 cycles, 
with each cycle consisting of a 55 minute exposure at 
l,450° F. followed by a 5 minute forced air cool room 
temperature. The specimens were weighed before and 
after the test and weight gains per unit area were deter 
mined. For the following specimens, the weight gain 
per unit area was less than 0.63 mg/cm2, which is the 
weight gain per unit area of 409 stainless steel under 
similar conditions: 

Time 
Decarb. in Bath Weight 
Time Bath Temp Gain 

Substrate (min) (min) (°F.) (mg/cm2) 

CQ-Z 3O 5 2000 0.26 
CQ~2 20 5 2000 0.28 
TBB-3 20 5 2000 0.45 
TBB-3 10 5 2000 0.36 
TBB-Z 1O 5 2000 0.59 
TBB-Z 5 5 2000 0.61 
TEE-4 l0 5 2000 0.62 
TBB-3 l0 5 2000 0.34 

A series of experiments were run in sealed capsules to 
determine the influence of titanium bath content on the 
formability of sheet metal samples that were co-alloyed 
with chromium in a short cycle process. All experi 
ments were carried out in 2-inch diameter steel tubes 
that were evacuated and sealed. Each tube contained 
1500 grams of lead, 10 grams of elemental vacuum 
grade chromium and commercially pure titanium in 
amounts varying from 0.1 to 1.0 grams. Four steel sam 
ples having dimensions of l.5"><2"><0.30” and having 
an 0125'’ diameter hole drilled at each end were strung 
on top and bottom support wires inside the 2" diameter 
tubes. Twisted wire spacers were placed over the sup 
port wires between each sample to provide separations. 
The substrate that was evaluated was an aluminum 
killed steel that was decarburized at 1450° F. in an 
Ar-lO v/o H1 atmosphere with a dew point of +40’ F. 
to produce a bulk carbon content of 0.005 w/o. 
The sealed tubes were placed in a furnace at 2100° F. 

and were shaken vigorously after attaining a tempera 
ture at which all of the lead was molten. The vigorous 
shaking was continued until the tubes reached 2100° F. 
and for 10 minutes at that temperature. The tubes were 
then removed and air cooled. A series of runs were 
made in which the titanium bath additions were as fol 
lows: ' 

25 

30 

35 

55 

60 

65 

sion alloyed steels using standard energy dispersive 
spectroscopy microprobe procedures at an accelerating 
voltage of 25 KV. The surface chromium contents var 
ied from 43.4 to 36.2 w/o while the surface titanium 
concentration increased to 2.4 w/o for the 667 ppm 
titanium bath concentration run. Examination of metal 
lographically polished cross-sections that were etched 
with 5% Nitol showed that the thickness of the diffu 
sion layer increased from 30 microns with no titanium 
bath addition to 92 microns with a 667 ppm titanium 
bath concentration. Microhardness measurements made 
with a diamond pyramid indenter at a load of 15 grams 
show that the hardness at a depth of about 10 microns 
from the surface increases with increasing bath titanium 
content from a value of 150 DPN with no titanium bath 
addition to a value of 235 DPN with a 667 ppm titanium 
bath concentration. 
Bend tests were run on 0.5 inch wide ><l inch long 

samples that were bent 180° around an 0.060 inch thick 
sheet (2T bend). The tension side of the bend surfaces 
was examined with a scanning electron microscope at a 
magni?cation of l000><. Specimens that were produced 
in baths containing up to 267 ppm titanium showed no 
evidence of surface cracking. The grains on the surface 
showed slip lines that were approximately parallel to 
the bend axis. The specimen produced at a bath concen 
tration of 300 ppm titanium showed very ?ne intergran 
ular cracks that generally ran in a direction parallel to 
the bend axis. Examination of the cross section of these 
cracks showed that they do not extend more than 5 
microns in from the surface. Salt spray tests performed 
in accordance with ASTM B117 for 16 hours showed 
no evidence of rusting in these microcracked areas. 
The specimen produced at a bath concentration of 

333 ppm titanium showed intergranular cracking that 
was more extensive than that in the 300 ppm titanium 
bath concentration run. Salt spray testing as performed 
above again showed no evidence of rusting in the mi 
crocracked areas. 
The specimen produced at a bath concentration of 

367 ppm titanium showed very extensive microcracking 
with ?ssures formed that extend well into the diffusion 
layer. Salt spray testing showed that rusting occurred at 
the bottom of the largest of these ?ssures. The speci 
mens produced at even higher titanium bath concentra 
tions showed more extensive intergranular cracking 
with more deep ?ssures formed. Thus it has been deter 
mined that to have a usable sheet metal product having 
good formability and the ability to maintain corrosion 
resistance in formed areas it is necessary to restrict the 
titanium bath concentration to a value of less than 367 
ppm. This will also result in the formation of a surface 
alloy having less than 1 w/o Ti as a surface concentra 



4,526,817 
11 

tion and a cross-sectional microhardness at 10 microns 
from the surface of less than 200 DPN when these mea 
surements are made by the methods described. 

In certain instances, the chromium delivered by the 
chromium container 110 alone is not suf?cient. Three 
additional chromium containers 150 provide a system 
for additional delivery of chromium. The containers are 
rectangular in plan, and are horizontally arranged and 
vertically spaced apart. The containers are attached to 
four brackets 151 arranged in a rectangle (two are 
shown in FIG. 2), the brackets being hung from a pair 
of cross bars 152. Each of the containers 150 includes a 
rectangular spacer 153, a pair of rectangular screens 154 
and a pair of rectangular retaining rings 155. The space 
between the screens 154 and the spacer 153 is a com 
partment 156 within which chromium is placed. Each 
of the screens 154 consists of a fine wire mesh with a 
sheet of perforated metal on either side to de?ne a rela 
tively rigid sandwich. In an actual embodiment, each of 
the containers 150 had dimensions of 9"><15”><l" and 
contained about 10 pounds of chromium. This addition 
to the system increased the attainable surface chromium 
composition on the steel sheet to 24 w/o. 

Immediately beneath the stack of three containers 150 
is a length of tubing 160 that has a series of spaced 
perforations (not shown) through which a dry gas (inert 
or reducing) is passed. The gas exits through the perfo 
rations and percolates through the stacked chromium 
containers 150, providing agitation and increasing the 
solution of chromium in the molten lead. 
To further facilitate chromium diffusion, two gas 

tubes 170 are mounted on the inlet tube 80 adjacent its 
exit end. The tubes 170 are located respectively on the 
sides of the steel sheet 12. These tubes are perforated at 
the top. Gas delivered to the tubes 170 by means of 
tubing 171 is discharged through the perforations and 
bubbles into the tube 80, thereby agitating the molten 
lead at the surfaces of the steel sheet. 
The combination of the tube 170 next to the strip 

entry tube 80 and the tube 160 beneath the containers 
150 causes the surface chromium concentration to in 
crease. In a particular embodiment the concentration 
increased to 33 W/o. 
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What has been described therefore is an improved 
process and apparatus for diffusing chromium into the 
surfaces of steel products in coil form. In the specific 
embodiment, sheet steel is the product. However, the 
same principles are applicable to foil, plate and wire that 
are supplied in coil form. Also, while titanium is the 
preferred additive to the bath, other strong carbide 
formers could be employed. Furthermore, while a par 
ticular apparatus has been described as being capable of 
practicing the process, it is contemplated that substan 
tial changes would be made in equipment that would 
perform the process on a commercial scale. 
We claim: 
1. A continuous process of surface diffusion alloying 

a continuous length of steel product supplied in a coil, 
comprising uncoiling the steel product, preheating the 
steel product, providing a molten-alloy bath having 
therein lead and chromium and titanium, said molten 
alloy bath having titanium of a concentration in the 
range of about 67 ppm to about 367 ppm, lead being the 
only transfer agent in the bath, moving the steel product 
continuously through the bath for diffusing the chro 
mium into the surface of the steel product, and cooling 
the diffused steel product. 

2. The process of claim 1, wherein about 140 ppm 
titanium is in the bath. 

3. The process of claim 1, wherein about 280 ppm 
titanium is in the bath. 

4. The process of claim 1, wherein the steel product is 
?rst decarburized prior to insertion into the bath. 

5. The process of claim 1, wherein the steel product is 
sheet steel. 

6. The process of claim 1, wherein the uncoiled steel 
product is preheated. 

7. The process of claim 1, wherein the steel product is 
coiled after having been cooled. 

8. The process of claim 1, wherein the temperature of 
the bath is between l,700° F. and 2,300° F. 

9. The process of claim 1, wherein the temperature of 
the bath is about 2,000° F. 

10. The process of claim 1, wherein the temperature 
of the bath is about 2,100“ P. 

* * 


